Abstract. Polymers-Surfactant complex efficacy in reducing the drag is of an interest subject in drag reduction research. Turbulent drag reduction (DR) efficiency of Sodium Polystyrene Sulfonate (NaPSS) sodium Alkylbenzene sulfonate complex was studied in a rotating disk apparatus. The solution complex was prepared by varying the concentration of the polymer between 100 to 1200 ppm and the surfactant between 100 to 700ppm. Measurement of torque values were recorded for each sample. The NaPSS (Sodium Polystyrene Sulfante) was found to have an ability to reduce the drag in the turbulent flow. A significant improvement was recorded for the addition of tiny amount of surfactant to the polymer system compare to the pure polymer drag reduction. At high surfactant concentration, it was found that the polymer drag ability decrease. The polymer was degraded when it is subjected to a high shear stress. The degredation resistance was increased by the addation of the surfactant to the polymer solution at concentration range of 100ppm to 400ppm of surfactant.
Introduction
Turbulent flow has been a major concern of most researchers. A part of that, the drag reduction of the turbulent flow through the addition of a few parts per millions of long chain polymers has vastly increased recently (Gyr & Bewersdorff, 1995; Lumley, 1969 In the meantime, drag reduction additives can be categorized as heterogeneous drag reduction or homogeneous drag reduction [2] . Heterogeneous drag reduction additives include solid phase fibers or gas phase micro bubbles, meanwhile polymer or surfactant micelles are the two main types of homogeneous drag reduction additives [3] . The polymers agents has been proved to have amazing ability to reduce the drag at low turbulent flows. Despite the polymer ability to reduce drag, it found to be lost after sometimes resulting of its degradation. The polymer degradation usually occurred at point where the share stress that polymer is subjected to has accessed the elitists point of the polymer. Comparatively, surfactants can also show good drag reducing behavior, although usually at higher dose rates [4] . Nevertheless, the surfactant disassembly itself whenever subjected to high stress share henceforth losing its ability to reduce drag [5, 6] . Interestingly, complaining two agents was found to improve the sustainability of the drag reduction effects under high share stress. The present work is focusing on the degradation of the polymer and the improvement of the system by the additive of surfactant to the polymer system. The degradation resistance improvement of Sodium Polystyrene Sulfante (NaPSS) by the addition of Sodium dodecylbenzene sulfonate was examined. As well attention was given to the effects of the other parameters which are concentration of polymer and surfactant in order to improve the drag reduction ability.
Materials and Methods
The polymer was used in this study is Sodium Polystyrene Sulfonate (NaPSS) with molecular weight of 500,000 g/mol. NaPSS was purchased from Scientific Polymer Product, Inc. which has viscosity value of 170cp (10% solution) and it was delivered in fine powder form. The surfactant was used in this study is Sodium dodecylbenzene sulfonate which is anionic surfactant. It was prepared by diluting it to different concentrations 30ppm, 100ppm, 500ppm, and 1000ppm by dissolving it in solvent which is polymer-water solution which has been prepared earlier. The complex was prepared by mixing the stock solution of NaPSS prepared earlier with a required amount of surfactant in deionized water solvent. In this study, the RDA, (Rotating Disk Apparatus), which was fabricated in the university lab, was used to study the drag reduction ability. A schematic diagram of the Rotating disk apparatus is shown in Fig. 1 . The lid has an inlet hole with the diameter of 20 mm at the center which allows the access of an 15 mm stillness steel shaft with the length of 280 mm which stands supported by two bearings diameter to avoid vibration at high rotating speed. The shaft is connected to disk which has diameter of 250mm and 20 mm thickness. The disk is located at the center of chamber which has volume of 1.2 L and 50 mm in depth. The rotating disk chamber has circulating fluid jacket which connected to temperature controller. The purpose of this circulating system is to control the temperature inside the rotating chamber. The disk is connected to a servo speed controller motor (Cole Parmer Master Servodyne Unit) to control the rotating speed of the disk. The motor can vary the speed of the rotation over the range of 100 rpm up to 3000 rpm. The motor is connected to an interface software where the resulting torque and other parameter are displayed. The rotational velocity of the disk was measured by a digital tachometer. The torque required to rotate the disk in pure solvent is denoted as Ts and the torque required to rotate the disk in a polymer and polymer-Surfactant complex solution is denoted as Tp, the percent drag reduction can be calculated from this following equation:
The rotational Reynolds number NRe is defined as:
Where µ is the fluid viscosity, ρ is the fluid density, ω is the rotational speed of the disk and r is the radius of the disk. The data was recoreded for each run using the interface displayed in computer. The data also was recoreded for the rotation speed and the renolyds number was calculated according the equation 2. 
Result and Discussion
Polymer drag reduction experiment was done by dissolving Sodium Polystyrene Sulfanate (NaPSS) into deionized water volume of 1200mL and then mixed using head stirrer for 5 mints until complete dissolving and then the solution was allowed to rest for about 20 mints. The stock solution then droned into the rotating disk apparatus, and then run for different rotating speeds. The recorded data for the inside torque was then plotted. It was found that the addition of a tiny amount of NaPSS (less than 1000 ppm) to the turbulent rotated fluid was resulted in a measureable torque values, hence measurable drag reduction Following the normal behavior of polymer drag reduction agents, at specific Reynold number the ability to reduce the drag is increase with the increase of polymer concentration. However, with further increasing in the concentration saturations occur at certain values and drag reduction falls back. Noticeably, the maximum drag reduction (MDR) or call Virk asymptote is inverted at specific polymer concentration when increasing the concentration. The maximum drag reduction was obtained for NaPSS was recorded to be 700 ppm. Thereupon, the increase of the concentration result in inversing in the drag reduction trend. In fact, the degradation of NaPSS occurred easier at concentration above the maximum concentration. Although this may be true, the share stress at high rotation speed is the main player in the degradation phenomena.
On the other hand, regarding the improvement of the polymer degradation resistance, Brostow et al, have developed empirical exponential decay function with W and h as the decay constants to explain the relationship between drag reduction and molecular degradation as following;
Where, values of W and h are determined by the molecular structure and composition of drag reducing agents. The values of W and h for NaPSS are 0.2 and 0.03 respectively. Fig. 3 illustrates the degradation resistance obtained from the experiment data and by using the empirical exponential decay function. 
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Experimental Data Decay Fanction calculation Fig. 3 shows that the experiment data and the result obtained from the theoretical equation are close, which support the validity of our experiment data. High values of h mean the fast degradation, and high values of W mean low shear stability. Fig. 4 shows the drag reduction as a function of time for four different NaPSS concentrations systems at a rotational speed of 2000 rpm. The inverted trend for the result of the DR with the time under these circumstances can be explained as result of degradation of the polymer. The longer the polymer chain the faster degradation occurs. Then again, it has been indicated clearly that at low polymer concentrations the degradation occurs more rapidly than that at higher concentrations i.e 500ppm. Consequently, the percentage of DR decreases rapidly and approaching to zero value after 30min for 100ppm 300ppm. Meanwhile at 500ppm polymer concentration there are still undegraded polymer molecules. The different values of percentage DR efficiency are due to the difference in polymer concentration increasing beyond the maximum concentration. The maximum concentration of the polymer resulting of the maximum degradation resistance at 500ppm polymer concentration, hence it was found to have the maximum drag reduction 500ppm. The degradation of molecules is usually described as a mechanical breaking of the polymer chains and when a low concentration exists in the pipe majority of the polymer chains are destroyed resulting in rapid decrease in the drag reduction efficiency. While, for high concentrations i.e 500ppm there is still sufficient effective polymer left to cause drag reduction at the considered experimental time. However, at very high concentration of polymer such i.e 700ppm decreasing in the solution viscosity of NaPSS polymer is due to the occurrence of the mechanical degradation with polymeric solution. Additionally, as explained previously in this paper, that the higher polymer concentrations should result in more DR-until chain overlap occurs to a significant degree which in order affects the degradation resistance of the polymer. This behavior of the polymer solutions undergoing a high share stress can be explained as result of the variation of the viscosity resulting of the concentration increases (Peixdto & Oort). The presented figure shows that the lower the concentration of the polymer solution the less resistance to degrdeation by mechanical stirring the lower the drag obtained. Equally important to be mensioned is that the polymer chain segments is essentially dependent on the concentration of polymer solution that lead to the conclusion that the polymer chains were not broken by contact only with solvent but even though by contact of a polymer chain (entanglement) with other chains [7] . The relation between the friction factor and inside torque and the (wall) Reynolds number was studied for three different NaPSS polymer concentrations as shown in Fig. 5 and 6 . It should be noted 
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that NaPSS polymer exhibits the same as that of the Newtonian flow for low NRe, and only after a critical value of Re, the drag reduction sets in. This difference in behavior from rodlike polymers is because NaPSS polymers are coiled when NRe is small. There is no noted effect on the flow unless NRe increases enough to allow the shear to develop to affect the coiltostretch transition in the flexible polymers. Fig. 6 shows the influence of the addition of the surfactant on the polymer drag reduction system. At constant polymer concentrations of 100ppm, 300ppm, and 500ppm respectively, the drag reduction is significantly increase with the increase of surfactant concentration. Conversely, the effects of the addition of surfactant and at high concentration of surfactant were found to reflect adversely on the drag reduction efficiency where it is decreased. This was explained as whenever the charges on NaPSS proteins are neutralized by the interaction with specific surfactant, linking between the hydrophobic tail of the surfactant and similar areas on the polymer becomes more favorable [8] . 
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In fact, shifting the net electrical character of the polymer complex, resulting of first collapse of the polymer coil, following by rapid expansion after reversal charge has taken place. When the surfactant concentration level is high, exceeding approximately 20 surfactant molecules per chain of polymer, evidence support the view that repulsion between the exceed surfactant and the complex which cause the collapsing of the polymer chain. In addition, it assumes that at low shear rates the particles form aggregates which link into chains; the interactions of these chains are the cause of the yield stress and when this is exceeded the chains break and the viscosity falls until, when all the particles are separate, the asymptotic viscosity is reached [9] [10] . Fig. 7 shows the DR as a function of time for four different surfactant concentrations systems with constant polymer concentration of 500ppm, at a rotational speed of 2000 rpm. It indicates that the DR decreases with time due to the degradation of the polymer molecules under turbulent flow. 
Conclusions
In conclusion, the polymer free surfactant drag reduction, the complex drag reduction and the improvement of the polymer mechanical degradation resistance with the addition of the surfactant was studied using the rotating disk apparatus. The NaPSS (Sodium Polystyrene Sulfante) was found to have an ability to reduce the drag in the turbulent flow. The polymer drag reduction was found to be as high as 38%. The addition of tiny amount of surfactant to the polymer system was found to improve the drag reduction ability of the polymer. At high surfactant concentration, it was found that the polymer drag ability decrease. This was explained as the neutralization of charges on polymers protein by specific surfactant adsorption, introduced liking between the hydrophobic tail of the surfactant and similar areas on the polymer. To this end, the degradation resistance was found to be improved with the addition of the surfactant. 
